We studied the developmental changes in the P-adrenergic modulation of L-type calcium current (ICa) in enzymatically isolated adult (AD) and newborn (NB, 1-4-day-old) rabbit ventricular cells using the whole-cell patch-clamp method. lCa was measured as the peak inward current at a test potential of +15 mV by applying a 180-450-msec pulse from a holding potential of -40 mV with Cs+-rich pipettes and a K+-free bath solution at room temperature. pA/pF, n=5) was equivalent in AD cells, whereas ICa density stimulated by 10 I£M ISO (5.8+±0.6 pA/pF, n=9) was significantly lower than that stimulated by either 10 ,uM FOR (13.8±1.5 pAIpF, n=7) or 200 ,uM cAMP (13.4±0.7 pA/pF, n=7) in NB cells. The lCa density for FOR or cAMP was significantly higher for AD than NB cells. Pretreatment of AD and NB cells with pertussis toxin markedly increased the ISO effect on ICa for NB cells, whereas the enhancement was relatively small for AD cells. We conclude that the effect of ISO to stimulate L-type lCa increases after birth in rabbit ventricular cells probably as a consequence of the reduction of tonic G; inhibition of adenylate cyclase rather than the postnatal maturation of the f-receptoradenylate cyclase system. (Circulation Research 1992;70:104-115) T he enhancement of Ca2' current (ICa) through high-threshold (L-type) Ca2' channels in cardiac cells by p-adrenergic agonists is the main process in regulating heart rate and excitation-
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We studied the developmental changes in the P-adrenergic modulation of L-type calcium current (ICa) in enzymatically isolated adult (AD) and newborn (NB, 1-4-day-old) rabbit ventricular cells using the whole-cell patch-clamp method. lCa was measured as the peak inward current at a test potential of +15 mV by applying a 180-450-msec pulse from a holding potential of -40 mV with Cs+-rich pipettes and a K+-free bath solution at room temperature.
In control, Ilc density (obtained by normalizing ' pA/pF, n=5) was equivalent in AD cells, whereas ICa density stimulated by 10 I£M ISO (5.8+±0.6 pA/pF, n=9) was significantly lower than that stimulated by either 10 ,uM FOR (13.8±1.5 pAIpF, n=7) or 200 ,uM cAMP (13.4±0.7 pA/pF, n=7) in NB cells. The lCa density for FOR or cAMP was significantly higher for AD than NB cells. Pretreatment of AD and NB cells with pertussis toxin markedly increased the ISO effect on ICa for NB cells, whereas the enhancement was relatively small for AD cells. We conclude that the effect of ISO to stimulate L-type lCa increases after birth in rabbit ventricular cells probably as a consequence of the reduction of tonic G; inhibition of adenylate cyclase rather than the postnatal maturation of the f-receptoradenylate cyclase system. (Circulation Research 1992;70:104-115)
T he enhancement of Ca2' current (ICa) through high-threshold (L-type) Ca2' channels in cardiac cells by p-adrenergic agonists is the main process in regulating heart rate and excitation-In recent years, increasing attention has been focused on age-related changes in the /3-adrenergic receptor-adenylate cyclase system to elucidate sympathetic nerve regulation of cardiac muscle in postnatal developing hearts. Various results have been reported concerning age-related changes in /3-adrenergic receptor density based on binding studies with radioligand 3-antagonists. Thus , it has been reported that the maximal number of ligand binding sites (Bmax, femtomoles per milligram protein or tissue) in cardiac muscle increases during the postnatal period in the rabbit15, 16 and mouse,17 whereas BmaX decreases in the dog.'8 Both results have been observed in the rat. [19] [20] [21] In contrast to the inconsistency of agerelated changes in /3-receptor density, the stimulatory effect of /3-agonists on adenylate cyclase activity in cardiac membranes has been demonstrated to increase with advancing age in most of the animal species examined.1922, 23 and newborn (NB, 1-4-day-old) rabbit ventricular cells under nearly identical experimental conditions using the whole-cell voltage-clamp technique. We also have compared the effect of PTX pretreatment on IcJ response to ISO for both age groups to examine the difference in the contribution of Gi tonic inhibition to the ISO effect.
Materials and Methods Cell Preparation
New Zealand White AD (2-3 kg) and NB (1-4-day-old) rabbits of either sex were used in the experiments. AD rabbits were first heparinized (1,000 units i.v.) and anesthetized with sodium pentobarbital (50 mg/kg i.v.). For NB rabbits, the same drugs were given intraperitoneally. Hearts were rapidly removed via thoracotomy with artificial ventilation, and the aorta was cannulated. Single ventricular cells were obtained from the AD and NB hearts by enzymatic dissociation as we described previously. 34 In brief, a dissected heart was mounted on a Langendorff apparatus and perfused with oxygenated, nominally Ca2-free solution at a rate of 3-4 ml/g/min for 4 minutes at 36-37°C. Then, the heart was perfused with the same solution containing 0.14 mg/ml collagenase (Type I, Sigma Chemical Co., St. Louis, Mo.) and 0.07 mg/ml protease (Type XIV, Sigma). After 6-10 minutes of the enzyme treatment, the heart was perfused with a storage solution for 7-10 minutes at room temperature. The ventricle was cut into small pieces and triturated in the storage solution. 
Results

Dose-Dependent Effect of ISO on Ica
The potentiation of 'Ca by ,B-adrenergic stimulation was examined quantitatively with various concentrations of ISO. Figure 1 shows superimposed current recordings (top panels) and time courses of 'Ca increase (bottom panels) produced by ISO in an AD cell (left panels) and an NB cell (right panels). 'Ca was measured as the peak inward current at a test potential of +15 mV by applying a 180-msec pulse from a Vh of -40 mV every 10 seconds. Because of the obvious differences in control 'Ca density, we expressed the vertical axis of the lower panel as percent increase in ICa over control levels. In the AD cell, after application of 0. Figure 6 . As was done for the experiments with ISO, the two dose-response curves were fitted using a nonlinear least-mean-squares regression of the means to the NEWBORN ----------e ------ 
Effect of cAMP on ICa
We also examined the effect on ICa density for AD and NB cells of intracellular application of 200 ,uM cAMP, which has been reported to increase ICa maximally in both mammalian and amphibian heart cells.5,6,37 cAMP was dialyzed into the cell from the pipette. lCa density reached a steady state 7.3+1.7 and 4.5+±0.5 minutes after breaking the membrane for AD (n=5) and NB (n=7) cells, respectively. An additional application of 10 ,uM FOR had no effect on the cAMP-stimulated Ica both for AD and NB cells, as shown in the top panels of Figure 9 .
We summarize the 1Ca density obtained by 10 gtM ISO, 10 ,uM FOR, and 200 ,M cAMP for AD and NB cells in the bottom panels of Figure 9 . There was no significant difference between ICa densities stimulated by 10 1ttM ISO (17.8±+1.1 pA/pF, n=7), 10 Therefore, we propose that the L-type Ca21 channels for NB cells may be mostly dephosphorylated in basal conditions because of the lower intracellular cAMP levels caused by the greater Gi inhibition of adenylate cyclase. That would produce a further decrease in the P0 and/or Ps of the Ca21 channels, even compared with those for basal AD conditions, which in turn enables a greater percent increase in lCa for NB than for AD cells in response to maximal stimulation. This assumption can be supported by the significant increase in basal ICa density for NB cells, but not for AD cells, after pretreatment with PTX, which might be brought about through a greater increase in cAMP levels by removing the greater tonic Gi inhibition of adenylate cyclase in NB cells.
